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Description 

The  present  invention  relates  to  apparatus  and  method  for  detecting  images  and,  by  way  of  example  to 
X-ray  systems  utilizing  a  solid  state  multiple  element  X-ray  detector  for  producing  an  image;  and  to  methods 

5  of  reading  signals  from  the  detector  elements  and  processing  the  signals  (see  for  instance  DE-A-3531448). 
Conventional  fluoroscopy  equipment  includes  a  source  for  projecting  an  X-ray  beam  through  an  object  to 

be  analyzed,  such  as  a  medical  patient.  After  the  beam  passes  through  the  patient,  an  image  intensifier  typ- 
ically  converted  the  X-ray  radiation  into  a  visible  light  image,  and  a  video  camera  produced  an  analog  video 
signal  from  the  visible  image  for  display  on  a  monitor.  Because  an  analog  video  signal  was  produced,  much 

10  of  the  image  processing  for  automatic  brightness  control  and  image  enhancement  was  performed  in  the  analog 
domain. 

Recently,  high  resolution  solid  state  X-ray  detectors  have  been  proposed,  which  comprise  a  two  dimen- 
sional  array  of  3,000  to  4,000  photo  diode  detector  elements  in  each  dimension.  Each  element  produces  an 
electrical  signal  which  corresponds  to  the  brightness  of  a  picture  element  in  the  X-ray  image  projected  onto 

15  the  detector.  The  signal  from  each  detector  element  is  read  out  individually  and  digitized  for  further  image  proc- 
essing,  storage  and  display. 

The  high  resolution  provided  by  such  a  large  array  of  detector  elements  may  be  beneficial  to  the  analysis 
of  the  patient  in  many  certain  circumstances.  However,  in  situations  where  a  high  degree  of  resolution  is  not 
required,  the  processing  of  the  incumbent  large  amount  of  data  from  the  array  significantly  increases  the  image 

20  processing  time  above  that  which  is  reasonably  required.  Furthermore,  certain  X-ray  systems  may  not  require 
a  detector  with  such  a  high  degree  of  resolution  in  which  case  a  smaller  matrix  detector  would  be  satisfactory. 
However,  in  this  instance  it  may  be  cost  effective  to  still  utilize  the  larger  matrix  detector,  rather  than  develop 
a  different  size  detector  for  each  piece  of  X-ray  equipment  having  a  different  resolution  requirement.  In  both 
these  cases  when  the  detector  produces  a  higher  resolution  image  than  is  required,  a  technique  for  reducing 

25  the  amount  of  data  is  desirable. 
A  problem  inherent  in  conventional  photo  diode  detector  arrays  is  that  the  biasing  charge  placed  on  the 

photo  diode  may  be  partially  discharged  by  transistor  current  leakage  and  by  a  mechanism  commonly  known 
as  "dark  current".  The  charge  depletion  due  to  the  effects  of  dark  current  and  current  leakage  produces  an 
offset  of  the  image  signal.  Since  the  amount  of  charge  removed  by  these  currents  is  not  constant,  the  signal 

30  offset  varies,  adding  a  element  of  uncertainty  to  the  detector  output. 
The  amount  of  charge  removed  from  the  photo  diode  by  these  currents  in  part  is  a  function  of  the  length 

of  time  from  photo  diode  biasing  until  detector  element  charge  sensing.  As  a  consequence,  it  is  desirable  to 
minimize  the  time  required  to  read  out  the  elements  of  the  detector  array  in  order  to  minimize  the  effect  of 
these  currents.  This  presents  a  trade-off  in  that  it  is  also  desirable  to  increase  the  readout  time  in  order  to 

35  reduce  the  bandwidth  of  the  image  signal  processing  circuit  and  reduce  the  electrical  noise  added  to  the  de- 
tector  signal  by  the  circuit. 

The  present  invention  provides  in  one  aspect  a  method  for  reading  image  data  from  an  array  of  photode- 
tectors  arranged  in  n  rows  and  m  columns  with  at  least  a  portion  of  the  photodetectors  in  each  column  being 
connected  by  a  selector  means  to  a  separate  output  line  for  that  column,  said  method  characterized  by: 

40  (a)  activating  given  selector  means  to  apply  signals  from  the  photodetectors  in  a  group  of  p  rows  simulta- 
neously  to  the  output  lines; 
(b)  producing  a  plurality  of  combined  output  signals,  each  of  which  being  produced  by  add  itively  combining 
the  signals  from  a  group  of  q  output  lines;  and 
(c)  repeating  steps  a  and  b  for  other  group  of  rows  in  the  detector  array; 

45  where  m,  n,  p  and  q  are  integers  where  both  p  and  q  are  greater  than  one. 
In  a  further  aspect  the  invention  provides  an  image  detector  system  comprising: 

an  array  of  photodetectors  arranged  in  m  columns  and  n  rows  with  the  photodetectors  in  each  column 
being  connected  by  a  selector  switch  means  to  a  separate  output  line  for  that  column,  wherein  the  n  rows  are 
divided  into  groups  of  p  rows  and  the  column  output  lines  are  divided  into  groups  of  q  output  lines,  where  m, 

so  n,  p  and  q  are  integers  with  both  p  and  q  being  greater  than  one;  characterized  by 
means  for  sequentially  activating  the  switch  means  to  simultaneously  apply  signals  from  the  photode- 

tectors  in  one  group  of  rows  at  a  time  to  the  output  lines: 
means  for  combining  the  signals  from  each  group  of  output  lines  into  a  combined  output  signal. 

An  embodiment  of  a  solid  state  image  sensor  in  accordance  with  the  invention  is  formed  by  a  two  dimen- 
55  sional  array  of  photodetectors  arranged  in  m  columns  and  n  rows,  where  m  and  n  are  integers.  For  high  reso- 

lution  image  sensing,  the  array  can  have  approximately  4000  photodetectors  in  each  column  and  row.  The  pho- 
todetectors  in  each  column  are  connected  to  a  common  column  output  line  by  a  separate  switch  means.  The 
switch  means  for  the  photodetectors  in  each  row  are  activated  by  a  signal  on  a  common  row  select  line. 
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The  image  data  senses  by  each  photodetector  is  read  out  by  activating  the  row  select  lines  in  a  given  se- 
quence.  Initially,  a  group  of  one  or  more  row  select  lines  near  the  middle  of  the  array  are  activated  to  apply 
signals  from  the  associated  photodetectors  to  the  column  output  lines.  Then  a  similar  group  of  row  select  lines 
on  one  side  of  the  middle  are  activated  to  couple  signals  from  its  associated  photodetectors  to  the  column  out- 

5  put  lines.  Another  similar  group  of  one  or  more  row  select  lines  on  the  other  side  of  the  array  middle  is  activated 
to  apply  signals  from  its  corresponding  photodetectors  to  the  column  output  lines.  In  the  preferred  embodiment, 
signals  from  the  remaining  rows  of  photodetectors  are  readout  by  alternately  activating  row  groups  on  opposite 
sides  of  the  middle  of  the  array. 

When  the  groups  consist  of  a  plurality  of  rows  the  signals  from  photodetectors  in  several  rows  along  each 
10  column  are  combined  into  the  signal  on  the  column  output  line.  This  produces  a  data  reduction  along  one  di- 

mension  of  the  array  and  of  the  image  being  sensed.  In  order  to  achieve  symmetry  in  the  data  reduction  to 
avoid  image  distortion,  circuitry  external  to  the  image  sensor  combines  the  signals  from  a  plurality  of  column 
output  lines.  Ideally  the  number  of  such  output  line  signals  to  combine  is  chosen  so  that  the  image  following 
data  reduction  has  the  same  aspect  ratio  as  the  image  prior  to  data  reduction. 

15  Illustrative  embodiments  of  the  present  invention  seek  to  provide: 
a  technique  for  reducing  the  amount  of  picture  elements  in  an  image; 
a  method  for  reading  image  date  from  the  central  portion  of  the  array  and  then  progressively  reading 

the  image  data  outward  from  the  array  center.  Such  as  outward  scan  reduces  the  deterioration  of  the  central 
image  portion  due  to  effects  that  are  a  function  of  the  elapsed  time  between  image  exposure  and  readout; 

20  and  or 
a  technique  and  apparatus  for  varying  the  degree  of  image  data  reduction  depending  upon  the  amount 

of  image  resolution  required  in  the  resultant  image. 
For  a  better  understanding  of  the  present  invention,  reference  will  now  be  made,  by  way  of  example,  to 

the  accompanying  drawings,  in  which: 
25  FIGURE  1  is  a  block  diagram  of  an  X-ray  fluoroscopy  system  utilizing  the  present  invention; 

FIGURE  2  is  a  schematic  diagram  of  the  image  detector  array  in  the  system  of  Figure  1  ; 
FIGURE  3  is  a  schematic  diagram  of  an  alternative  image  detector  array  for  the  system  of  Figure  1  ; 
FIGURE  4  illustrates  a  digital  data  reduction  circuit  for  processing  the  picture  elements  from  the  detector 
array;  and 

30  FIGURE  5  is  an  alternative  analog  data  reduction  circuit. 
With  initial  reference  to  Figure  1,  an  X-ray  apparatus  14  includes  an  X-ray  tube  15  which,  when  excited 

by  a  power  supply  16,  emits  an  X-ray  beam  17.  As  illustrated,  the  X-ray  beam  is  directed  toward  a  patient  18 
lying  on  an  X-ray  transmissive  table  20.  The  portion  of  the  beam  which  is  transmitted  through  the  table  and 
the  patient  impinges  upon  an  X-ray  detector  designated  22.  The  X-ray  detector  22  comprises  a  scintillator  24 

35  that  converts  the  X-ray  photons  to  lower  energy  photons  in  the  visible  spectrum.  Contiguous  with  the  scintillator 
24  is  a  photodetector  array  26,  which  converts  the  light  photons  into  an  electrical  signal.  A  detector  controller 
27  contains  electronics  for  operating  the  detector  array  to  acquire  an  image  and  to  read  out  the  signal  from 
each  photodetector  element. 

The  output  signal  from  the  photodetector  array  26  is  coupled  to  an  image  processor  28  that  includes  cir- 
40  cuitry  for  processing  and  enhancing  the  X-ray  image  signal.  The  processed  image  then  is  displayed  on  a  video 

monitor  32  and  may  be  archived  in  an  image  storage  device  30.  The  image  processor  28  additionally  produces 
a  brightness  control  signal  which  is  applied  to  an  exposure  control  circuit  34  to  regulate  the  power  supply  16 
and  thereby  the  X-ray  exposure. 

The  overall  operation  of  the  X-ray  apparatus  14  is  governed  by  a  system  controller  36  which  receives  com- 
45  mands  from  the  X-ray  technician  via  an  operator  interface  panel  38. 

Figure  2  illustrates  the  circuitry  of  the  photodetector  array  26,  which  is  forced  by  a  matrix  of  detector  ele- 
ments  40.  The  detector  elements  40  are  arranged  on  an  amorphous  silicon  wafer  in  a  conventional  two-di- 
mensional  array  of  m  columns  and  n  rows,  where  m  and  n  are  integers.  For  example,  a  typical  high  resolution 
X-ray  detector  is  a  square  array  of  3,000  to  4,000  rows  and  columns  of  elements. 

so  Each  detector  element  40  includes  a  photo  diode  42  and  a  thin  film  transistor  44.  The  photo  diodes  42  are 
fabricated  from  a  large  wafer  area  ensuring  that  the  photo  diode  will  intercept  a  sizeable  portion  of  the  light 
produced  by  the  scintillator  24.  Each  photo  diode  42  also  has  a  relatively  large  capacitance  that  allows  it  to 
store  the  electrical  charge  resulting  from  the  photon  excitation. 

The  cathode  of  the  photo  diodes  42  in  each  column  of  the  array  is  connected  by  the  source-drain  conduc- 
55  tion  path  of  the  associated  transistor  44  to  a  common  column  signal  line  (48-1  through  48-  m)  for  the  column. 

For  example  the  photo  diodes  42  in  column  1  are  coupled  to  the  first  signal  Iine48"1.  The  anodes  of  the  diodes 
in  each  row  are  connected  in  common  to  a  source  of  a  negative  bias  voltage  (-V).  The  gate  electrodes  of  the 
transistors  44  in  each  row  are  connected  to  a  common  row  select  line  (46-1  through  46-",)  such  as  line  46~1 
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for  row  1.  The  row  select  lines  and  the  column  signal  lines  are  coupled  to  the  detector  controller  27  and  the 
column  signal  lines  also  are  connected  to  the  image  processor  28. 

In  order  to  acquire  an  X-ray  image  using  the  detector  illustrated  in  Figure  2,  the  apparatus  14  performs 
the  following  sequence  of  operations.  Initially,  the  detector  controller  27  connects  all  the  column  signal  lines 

5  48"1  through  48-  m  to  ground,  and  applies  a  positive  voltage  (Von)  to  all  the  row  select  lines  46~1  through  46-  n. 
The  positive  voltage  applied  to  the  row  select  lines  turns  on  the  transistor  44  in  each  detector  element  40  plac- 
ing  a  positive  charge  on  the  reverse  biased  photo  diodes  42.  Once  the  photo  diodes  have  been  fully  charged, 
the  detector  controller  27  applies  a  negative  voltage  (-Voff),  which  is  more  negative  than  the  negative  supply 
voltage  (-V),  to  the  row  select  lines  46~1  through  46-  n.  This  negative  biasing  of  the  row  select  lines  turns  off 

10  the  transistor  44  in  each  detector  element  40. 
Then  the  detector  22  is  exposed  to  a  pulse  of  X-ray  photons  produced  in  a  conventional  manner  by  the 

system  exciting  tube  15  to  generate  a  beam  17  of  X-ray  photons.  The  X-ray  photons  are  converted  to  lower 
energy  photons  by  the  scintillator  24.  When  these  lower  energy  photons  strike  the  photo  diodes  42  in  the  de- 
tector  26,  the  diodes  conduct  electricity  and  discharge  a  portion  of  their  positive  charge.  The  amount  of  the 

15  positive  charge  removed  from  a  given  photo  diode  42  depends  upon  the  amount  of  lower  energy  photons  which 
strikes  it,  which  in  turn  depends  upon  the  intensity  of  the  X-ray  energy  that  strikes  region  of  the  scintillator  24 
adjacent  to  the  photo  diode.  Therefore,  the  amount  of  charge  removed  from  the  photo  diode  42  in  each  detector 
element  40  is  a  function  of  the  X-ray  intensity  striking  the  corresponding  region  of  the  X-ray  detector  22. 

After  the  termination  of  the  X-ray  exposure,  the  residual  charge  in  each  photo  diode  42  is  sensed.  To  do 
20  so,  the  column  signal  line  48~1  through  48-  m  for  each  detector  array  column  is  simultaneously  connected  to 

separate  sensing  circuits  in  the  image  processor  28.  Any  of  several  types  of  sensing  circuits  can  be  incorpo- 
rated  into  the  image  processor  28.  For  example,  the  sensing  circuit  can  measure  the  voltage  across  the  photo 
diode,  and  therefore  the  amount  of  charge  remaining  on  the  photo  diode.  Alternatively,  the  sensing  circuit  can 
connect  the  associated  column  signal  line  48~1  through  48-  m  to  ground  potential  and  measure  the  amount  of 

25  charge  that  is  required  to  replace  the  charge  removed  by  the  X-ray  exposure. 
For  maximum  image  resolution,  the  photo  diode  charges  are  sensed  a  row  at  a  time  by  the  detector  con- 

troller  27  sequentially  applying  the  positive  voltage  Von  to  each  of  the  row  select  lines  46~1  through  46-  n.  When 
a  row  select  line  is  positively  biased,  the  detector  array  transistors  44  connected  to  that  row  select  line  are 
turned  on  thereby  coupling  the  associated  photo  diodes  42  in  the  selected  row  to  their  column  signal  lines  48~1 

30  through  48-  m. 
In  order  to  decrease  the  amount  of  time  required  to  read  out  the  signal  from  each  detector  element  in  the 

array,  the  rows  of  detector  elements  can  be  divided  into  two  groups,  as  illustrated  in  Figure  3.  In  this  example 
for  a  detector  array  26  with  n  rows,  the  detector  elements  40'  in  row  1  through  row  n/2  are  connected  to  a  first 
group  of  column  signal  lines  47.  Similarly,  the  detector  elements  40"  in  row  (n/2)+1  through  row  n  are  connected 

35  to  a  second  group  of  column  signal  lines  49.  In  this  example,  the  detector  elements  40'  in  the  top  half  of  the 
array  can  be  read  out  simultaneously  with  the  detector  elements  40"  in  the  bottom  half  in  the  array.  It  should 
be  noted  that  this  alternative  embodiment  of  the  detector  array  26  requires  twice  the  number  of  signal  sensing 
circuits.  However,  the  time  required  to  sense  the  charge  in  the  detector  elements  is  decreased  by  a  factor  of 
two;  or  alternatively,  the  sensing  time  can  be  the  same  as  with  the  previous  embodiment  allowing  the  band- 

40  width  of  the  sensing  circuits  to  be  reduced.  In  addition,  the  subdivision  of  the  detector  array  reduces  the  elec- 
trical  noise  and  capacitance  seen  by  the  sensing  circuits. 

As  noted  above,  in  applications  where  the  full  resolution  of  the  detector  array  26  is  not  required,  it  is  ad- 
vantageous  to  reduce  the  amount  of  image  data.  With  the  X-ray  detector  22,  the  detector  elements  can  be 
combined  along  the  rows  and  the  columns  in  order  to  reduce  the  number  of  picture  elements.  With  a  two-di- 

45  mensional  image,  the  data  reduction  must  occur  equally  in  both  dimensions  in  order  to  avoid  distorting  the  re- 
sultant  image.  To  produce  a  variety  of  fields  of  view,  image  matrix  sizes  and  image  acquisition  rates,  the  pres- 
ent  system  is  able  to  subdivide  the  image  into  two-dimensional  groups  of  q  by  p  detector  elements  where  p 
and  q  are  an  integers.  The  q  by  p  groups  have  the  same  aspect  ratio  as  the  entire  array.  For  the  exemplary 
square  array  p  and  q  are  equal,  having  a  common  value  in  the  range  from  1  to  4  for  example.  This  results  in 

so  subdivision  groups  having  1,  4,  9  or  16  detector  elements. 
In  a  variation  of  the  present  concept,  the  detector  array  does  not  comprise  a  square  matrix  of  detector  ele- 

ments.  For  example,  there  may  be  more  columns  of  detector  elements  than  rows  in  the  array,  such  as  in  im- 
agers  for  an  NTSC  standard  video  camera.  Although  a  non-square  detector  array  is  used,  the  image  processing 
may  require  a  square  array  of  image  data.  In  such  a  case,  the  signals  from  the  detector  elements  in  the  extra 

55  columns  either  are  not  used  or  are  combined  into  a  square  matrix  of  image  elements.  When  this  is  done,  the 
non-square  detector  array  becomes  equivalent  to  a  square  one  insofar  as  the  present  concept  is  concerned. 
With  this  variation,  the  variables  m  and  n  may  not  represent  the  number  of  columns  and  rows  of  detector  ele- 
ments  in  the  actual  detector  array  but  rather  m  and  n  correspond  to  the  number  of  columns  and  rows  in  the 

4 
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equivalent  square  array. 
Referring  again  to  Figure  2,  the  charge  signals  from  adjacent  detector  elements  40  can  easily  be  combined 

along  a  column  by  simultaneously  applying  the  positive  voltage  Von  to  a  group  of  row  select  lines  46~1  through 
46-  n.  In  this  case,  if  the  sensing  circuits  measure  the  voltage  from  the  photo  diodes  42  on  the  column  signal 

5  lines  48"1  through  48-  m,  the  output  of  each  sensing  circuit  will  correspond  to  the  average  of  the  signals  from 
the  selected  group  of  detector  elements  in  the  corresponding  array  column.  On  the  other  hand,  if  the  sensor 
circuits  measure  the  current  required  to  replace  the  charge  removed  from  the  photo  diodes  42,  the  output  of 
each  sensing  circuit  will  correspond  to  the  sum  of  the  signals  from  the  selected  group  of  detector  elements  in 
the  column. 

10  While  signals  from  the  detector  elements  40  in  several  rows  can  be  combined  by  simultaneously  selecting 
several  rows  in  the  array,  combining  the  signals  from  detector  elements  in  adjacent  columns  (i.e.  along  the 
other  dimension  of  the  array)  must  be  accomplished  by  external  circuitry.  With  reference  to  Figure  4,  a  sensing 
circuit  50  is  incorporated  into  the  image  processor  28  to  combine  the  signals  from  multiple  columns.  This  circuit 
50  allows  detector  elements  to  be  sensed  individually  or  combined  into  2,  3  or  4  columns.  The  portion  of  the 

15  sensing  circuit  50  for  the  first  twelve  columns  of  detector  elements  40  is  illustrated  in  Figure4.  Replicas  of  this 
circuit  portion  are  provided  for  each  group  of  twelve  adjacent  array  columns. 

The  sensing  circuit  comprises  a  series  of  modules  51,  52,  53  and  54,  with  each  module  processing  the 
output  signals  from  three  columns  of  the  array.  The  first  module  51  is  coupled  to  the  column  signal  lines 
48"1,  48-5  and  48"9  for  columns  1  ,  5,  and  9  of  the  detector  array  26;  and  module  52  is  coupled  to  the  column 

20  signal  lines  48"2,  48-®  and  48"10  for  columns  2,  6  and  10.  Similarly,  the  third  module  53  receives  the  detector 
array  column  signal  lines  48-3,  48"7  and  48~11  for  columns  3,7  and  11  ;  and  the  fourth  illustrated  module  54  is 
coupled  to  column  signal  lines  48^,  48"8  and  48~12  for  columns  4,8  and  12  of  the  detector  array. 

The  internal  circuitry  of  each  module  51-54  is  identical  and  the  circuitry  for  the  first  module  51  shall  be 
described  in  detail.  The  column  signal  lines  48"1,  48"9  and  48"5  for  columns  1,5  and  9  are  each  coupled  to  the 

25  input  of  a  separate  integrator  56.  The  output  from  each  integrator  56  is  connected  to  a  sample  and  hold  circuit 
in  an  analog  to  digital  converter  (ADC)  58,  which  samples  the  output  of  the  integrator  and  converts  the  output 
into  a  digital  form.  The  separate  digitized  outputs  are  stored  in  three  sets  of  data  buffers  60.  The  digital  output 
from  each  set  of  data  buffers  60  in  the  module  51  are  connected  to  separate  inputs  of  a  four-to-one  multiplexer 
62  (MUX  A).  The  data  lines  for  the  fourth  input  to  multiplexer  62  are  all  coupled  to  ground  potential  to  provide 

30  an  input  representing  the  number  zero. 
The  multiplexers  62  for  each  of  the  four  illustrated  modules  51  ,  52,  53  and  54  are  designated  as  MUX  A, 

MUX  B,  MUX  C  and  MUX  D,  respectively.  The  outputs  from  the  four  multiplexers  62  in  modules  51-54  are  cou- 
pled  to  inputs  of  an  adder  circuit  64  to  produce  the  sum  of  the  multiplexer  outputs,  as  indicated  by  the  arithmetic 
expression  A+B+C+D  within  the  adder  block.  Therefore,  the  output  from  the  adder  circuit  64  represents  the 

35  summation  of  the  signals  from  each  of  the  module  multiplexers  62;  and  the  combination  of  the  image  signals 
from  a  group  of  detector  array  columns. 

Although  not  illustrated  in  Figure  4,  the  multiplexers  62  in  the  sensing  circuit  50  receive  control  signals 
from  the  detector  controller  27  directing  each  multiplexer  to  couple  one  of  the  input  lines  to  its  output  line.  De- 
pending  upon  the  control  signal  applied  to  the  four  multiplexers  A,  B,  Cand  D  in  each  in  a  group  of  four  modules 

40  51-54,  the  output  signals  from  1,  2,  3  or  4  columns  of  detector  elements  40  can  be  combined  into  the  output 
from  the  adder  64  for  that  group  of  modules. 

To  select  a  single  column,  the  associated  multiplexer  62  is  directed  to  couple  the  corresponding  input  line 
to  its  output  line  and  each  of  the  other  multiplexers  for  the  group  of  four  modules  51-54  is  directed  to  couple 
the  grounded  fourth  input  to  their  respective  output  lines.  This  action  produces  a  summation  in  adder  64  of  the 

45  selected  column  signal  with  zero  signals  from  the  other  multiplexers  62.  For  example  to  select  only  the  second 
column,  multiplexer  B  is  directed  to  couple  its  first  input  to  its  output  and  multiplexers  A,  C  and  D  are  directed 
to  couple  their  fourth  inputs  to  their  outputs.  Thereafter,  a  different  set  of  directions  can  be  sent  to  the  multi- 
plexer  62  to  sequentially  access  the  signals  from  each  of  the  other  column  signal  lines  from  the  detector  array. 
Since  each  column  is  being  addressed  individually  by  the  technique,  no  reduction  of  the  image  data  occurs. 

so  To  achieve  the  maximum  amount  of  data  reduction  available  from  this  circuit,  the  image  data  on  four  signal 
lines  of  the  detector  array  26  are  combined  by  sensing  circuit  50.  For  example,  when  the  signals  for  columns 
1  -4  are  to  be  combined,  the  four  multiplexers  62  are  all  directed  to  couple  their  first  input  to  their  outputs.  This 
action  applies  the  signals  from  column  signal  lines  1  ,  2,  3  and  4  to  the  inputs  of  adder  64  where  they  are  sum- 
med  and  sent  to  the  adder's  output.  Then,  sequentially,  each  adjacent  group  of  four  columns  of  the  detector 

55  array  26  can  be  processed  by  changing  the  directions  sent  to  the  multiplexers  so  that  the  signals  from  other 
module  buffers  60  are  sequentially  combined  by  the  adder  64. 

From  the  above  description,  one  skilled  in  the  art  can  easily  understand  how  to  utilize  the  sensing  circuit 
50  and  direct  the  multiplexers  62  to  produce  a  data  reduction  by  combining  detector  elements  in  pairs  or  trios 
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of  adjacent  array  columns. 
The  circuit  disclosed  in  Figure  4  employes  a  separate  analog-to-digital  converter  58  for  each  column  signal 

line  48"1  through  48-  m  from  the  detector  array  26.  This  has  the  advantage  of  enabling  the  use  of  converters 
with  relatively  slow  digitization  rates,  but  requires  a  relatively  large  number  of  converters.  As  an  alternative, 

5  the  data  may  be  combined  before  digitizing,  thus  reducing  the  number  of  analog  to  digital  converters.  However, 
in  this  alternative,  faster  converters  will  have  to  be  utilized,  and  the  potential  for  the  introduction  of  electronic 
noise  in  the  analog  combining  circuitry  is  increased. 

An  example  of  such  a  alternative  sensing  circuit  70  is  shown  in  Figure  5.  As  with  the  original  embodiment 
of  a  sensing  circuit  50  in  Figure  4,  the  alternative  circuit  70  is  illustrated  for  twelve  columns  of  the  detector 

10  array  with  the  understanding  that  replicas  of  this  circuit  portion  are  provided  for  each  group  of  twelve  adjacent 
array  columns.  This  portion  of  the  signal  sensing  circuit  70  is  formed  by  four  modules  71,  72,  73  and  74  as 
denoted  by  the  dashed  lines  in  the  drawing.  Each  module  72-74  receives  three  of  the  column  signal  lines  which 
are  coupled  to  separate  integrators  76.  The  output  from  the  three  integrators  76  within  a  module  are  coupled 
to  separate  inputs  of  an  analog  four-to-one  multiplexer  77.  The  fourth  input  of  the  analog  multiplexer  77  is  cou- 

15  pled  to  ground  potential  to  provide  a  zero  potential  input.  Each  multiplexer  77  can  set  its  output  to  any  of  the 
three  input  signals  from  the  detector  array  or  to  the  grounded  input.  The  outputs  from  the  four  module  multi- 
plexers  MUX  A,  MUX  B,  MUX  C  and  MUX  D  then  are  combined  in  a  summing  amplifier  78.  The  summation  of 
the  signals  from  the  four  modules  71-74  is  digitized  by  an  analog-to-digital  converter  (ADC)  80,  and  the  result 
is  stored  in  a  digital  buffer  82.  Figure  5  also  shows  the  detector  controller  27,  which  provides  control  signals 

20  to  the  sensing  circuit  70  as  illustrated. 
The  multiplexers  77  within  each  module  71-74  are  directed  in  a  similar  manner  to  that  described  with  re- 

spect  to  the  operation  of  sensing  circuit  50  in  Figure  4,  to  individually  access  each  column  signal  line  or  combine 
pairs,  trios,  or  quartets  of  column  signal  lines  in  order  to  achieve  the  desired  degree  of  data  reduction. 

When  the  X-ray  system  is  aligned  with  the  patient,  the  area  of  the  patient's  body  which  is  of  primary  interest 
25  typically  is  placed  at  the  center  of  the  X-ray  system's  field  of  view.  Therefore,  the  central  picture  elements  of 

the  X-ray  image  will  be  of  primary  importance  to  the  medical  personnel  using  the  system.  To  ensure  the  best 
image  quality  of  the  center  of  the  image,  the  present  invention  minimizes  the  time  which  elapses  from  pre- 
charging  the  photo  diodes  until  the  rows  of  picture  elements  at  the  center  of  the  detector  array  26  are  scanned 
for  charge  readout.  This  is  accomplished  by  sensing  the  central  rows  first  and  sequentially  selecting  rows  on 

30  alternate  sides  of  the  center  which  are  progressively  farther  and  farther  from  the  center  of  the  array.  This  min- 
imizes  the  elapsed  time  for  the  central  image  elements.  The  tables  in  the  Appendix  contain  the  sequence  in 
which  the  detector  element  rows  are  selected  for  each  of  the  two  embodiments  of  the  detector  array  illustrated 
in  Figures  2  and  3  and  for  different  degrees  of  data  reduction. 

With  respect  to  the  photodetector  array  illustrated  in  Figure  2,  for  example,  Table  I  illustrates  the  sequence 
35  in  which  the  detector  controller  27  activates  each  of  the  row  select  lines  46~1  through  46-  n  to  read  out  the  charge 

on  individual  photo  diodes  42.  As  illustrated  in  the  table  during  the  first  readout  period,  the  detector  controller 
27  applies  the  positive  voltage  (Von)  to  the  row  select  line,  designated  n/2,  at  the  center  of  the  detector  array. 
This  enables  the  charge  in  each  of  the  photo  diodes  of  this  central  row  to  be  read  out  on  their  corresponding 
column  signal  line  48~1  through  48-  m.  Since  no  data  reduction  is  occurring  in  this  example,  only  one  row  at  a 

40  time  is  selected  by  the  detector  controller  27.  After  sufficient  time  has  elapsed  for  the  sensing  circuits  in  the 
image  processor  28  to  measure  the  remaining  charge  on  each  of  the  diodes,  the  detector  controller  27  applies 
the  negative  voltage  minus  Voff  to  the  central  row  select  line  n/2. 

Then  the  detector  controller  selects  one  of  the  row  select  lines  which  is  immediately  adjacent  to  the  central 
one,  which  is  designated  row  (n/2)+1,  by  applying  a  positive  voltage  Von  to  the  next  row  select  line.  Once  the 

45  charges  in  the  photo  diodes  for  that  row  have  been  sensed,  the  detector  controller  applies  the  -Voff  voltage  to 
the  (n/2)+1  row  select  line.  Then,  the  detector  controller  27  chooses  the  row  select  line  on  the  other  side  of 
the  central  row,  which  line  is  designated  as  (n/2)-1,  and  in  a  similar  manner,  energizes  that  line  to  sense  the 
charges  on  the  row's  photo  diodes. 

As  seen  in  Table  I  the  next  two  rows  selected  designated  (n/2)+2  and  (n/2)-2  are  two  rows  removed  from 
so  the  center  of  the  array.  This  sequence  of  row  selection  continues  until  finally  the  first  and  last  rows  have  been 

selected  for  charge  sensing. 
When  the  data  reduction  technique  is  to  be  applied  during  the  readout  of  the  photodetector  charges,  a  plur- 

ality  of  row  select  lines  are  turned  on  simultaneously  depending  upon  the  degree  of  data  reduction  desired. 
As  shown  in  Table  II,  the  data  is  reduced  by  selecting  two  rows  of  the  detector  array  26  during  each  readout 

55  period.  During  the  first  readout  period,  the  detector  controller  27  chooses  the  central  row  (n/2)  and  one  of  the 
adjacent  rows  (n/2)-1  of  the  detector  array  26.  Since  when  two  rows  are  selected,  two  photo  diodes  in  each 
column  of  the  array  will  have  their  charges  applied  to  the  corresponding  signal  lines  48  so  that  the  signal  on 
each  of  these  lines  48  represents  the  charge  in  two  photodetector  sites  42.  As  each  pair  of  rows  is  being  read 
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out,  the  sensing  circuit  in  Figure  4  is  operated  to  combine  the  signals  from  pairs  of  adjacent  columns  of  the 
detector  array  26  as  previously  described.  These  combined  signals  are  further  processed  for  display  on  monitor 
32  and  storage  in  device  30  (see  Figure  1). 

At  the  completion  of  the  first  readout  period  of  the  data  reduction  technique  illustrated  in  Table  II,  another 
5  pair  of  adjacent  rows  on  one  side  of  the  middle  of  the  photodetector  array  26  are  selected  and  their  charges 

similarly  read  out  in  a  combined  manner.  In  the  third  readout  period,  the  next  adjacent  pair  of  rows  on  the  op- 
posite  of  the  middle  of  the  photodetector  array  26  are  chosen  by  the  detector  controller  27  activating  their  row 
select  lines.  The  readout  process  continues  with  the  detector  controller  27  selecting  adjacent  pairs  of  photo- 
detector  array  rows  alternating  on  either  side  of  the  middle  of  the  array  and  moving  farther  and  farther  away 

10  from  the  middle.  Eventually,  the  first  and  second  rows  will  be  chosen  and  their  charges  read  out,  followed  by 
the  ultimate  and  penultimate  rows  in  the  final  readout  period.  As  illustrated  by  the  comparison  of  Tables  I  and 
II,  the  data  reduction  technique  in  the  latter  example,  in  wich  pairs  of  rows  are  read  out  simultaneously,  has 
half  the  number  of  readout  periods  as  in  the  Table  I  example  in  which  each  photodetector  array  site  is  read  out 
individually. 

15  Similar  data  reduction  techniques  occur  in  the  examples  depicted  in  Tables  III  and  IV.  Table  III  relates  to 
a  readout  scheme  in  which  the  data  is  reduced  through  the  simultaneous  readout  of  trios  of  rows  and  similarly 
combining  trios  of  columns  in  the  sensing  circuit  50  illustrated  in  Figure  4.  The  data  may  be  reduced  even  more 
by  the  technique  depicted  in  Figure  4  in  which  quartets  of  rows  are  simultaneously  read  out  by  simultaneously 
activating  four  row  select  lines  46  during  each  readout  period. 

20  Tables  V  through  VIII  depict  the  readout  techniques  utilized  with  the  photodetector  array  illustrated  in  Fig- 
ure  3  where  each  column  of  photodetector  elements  40  is  divided  in  half  with  the  upper  group  of  photo  elements 
being  connected  to  a  separate  column  signal  line  from  the  lower  group  of  detector  elements.  With  this  photo- 
detector  array  structure,  when  the  detector  elements  are  to  be  read,out  individually,  a  row  in  the  upper  half 
and  a  row  in  the  lower  half  of  the  array  is  read  simultaneously.  As  depicted  in  Table  V  during  the  first  readout 

25  period,  the  two  rows  (n/2)  and  (n/2)+1  at  the  center  of  the  array  are  selected  by  the  detector  controller27.  During 
the  next  readout  period,  the  next  adjacent  rows  (n/2)-1  and  (n/2)+2  on  either  side  of  the  array  center  are  se- 
lected.  The  selection  continues  until  the  first  and  last  rows  are  selected  during  the  final  readout  period. 

When  the  data  read  out  of  the  detector  array  in  Figure  3  is  to  be  reduced,  two  rows  in  both  the  top  and 
bottom  sections  of  the  array  can  be  read  during  each  readout  period.  The  row  readout  for  this  data  reduction 

30  technique  is  illustrated  in  Table  VI.  Similarly,  when  the  data  in  this  detector  array  is  to  be  reduced  further,  three 
rows  in  both  the  upper  and  lower  sections  of  the  detector  array  26  are  simultaneously  read  by  the  detector 
controller  27  activating  six  row  select  lines  during  each  readout  period  as  depicted  in  Table  VII.  Table  VIII  pro- 
vides  the  readout  scheme  when  the  data  from  the  detector  array  in  Figure  3  is  to  be  reduced  even  further.  In 
this  case,  eight  rows  are  activated  simultaneously  by  the  detector  controller  27  with  four  of  those  rows  being 

35  in  the  upper  half  and  the  other  four  in  the  lower  half  of  the  detector  array  26. 

APPENDIX  OF  TABLES 

TABLE  I 
40 

Row  selection  sequence  to  sense  individual  X-ray  detector  elements  in  the  embodiment  in  Figure  2. 

45 

50 

55 
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Readout  Row 
P r i o r i   Sftl«>rr»rt 

1  ( n /2 )  
2  ( n / 2 ) + l  
3  ( n / 2 ) - l  
4  (n/2)  +2 
5  (n/2)  -2  

n-1  i  
n  n 

TABLE  II 

Row  selection  sequence  to  sense  X-ray  detector  elements  grouped  by  pairs  of  rows  in  the  embodiment 
in  Figure  2. 

R e a d o u t   Rows 
P e r i o d   S P l P r f g H  

1  (n/2)  and  ( n / 2 ) - l  
2  ( n / 2 ) + l   and  (n/2)   +2 
3  (n/2)  -2  and  (n/2)   - 3  
4  (n/2)  +3  and  (n/2)   +4 

( n / 2 ) - l   2  and  1 
(n/2)   n - l   and  n  

FABLE  III 

Row  selection  sequence  to  sense  X-ray  detector  elements  grouped  by  Trios  of  rows  in  the  embodiment 
in  Figure  2. 

i 
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Readou t   Rows 
Pftriori  S e l e c t e d  

1  <n/2) ,   ( n / 2 ) - l   and  (n/2)  - 2  
2  ( n / 2 ) + l ,   (n/2)  +2  and  (n/2)  +3 
3  (n/2)  -3,  (n/2)  -4  and  (n/2)  - 5  
4  (n/2)  +4,  (n/2)  +5  and  (n/2)  +6 

•  • 

< n / 3 ) - l   3,  2  and  1 
(n/3)  n-2,   n-1  and  n 

TABLE  IV 

Row  selection  sequence  to  sense  X-ray  detector  elements  grouped  by  quartets  of  rows  in  the  embodiment 
in  Figure  2. 

Readout   Rows 
Peri   or!  S e l e c t e d  

1  ( n / 2 ) ,   ( n / 2 ) - l ,   (n/2)  -2  and  (n/2)  - 3  
2  ( n / 2 ) + l ,   (n/2)  +2,  (n/2)  +3  and  (n/2)  +4 
3  (n/2)  -4,  (n/2)  -5,   (n/2)  -6  and  (n/2)  - 7  
4  (n/2)  +5,  (n/2)  +6,  (n/2)  +7  and  (n/2)  +8 

( n / 4 ) - l   4,  3,  2  and  1 
(n/4)  n-3 ,   n -2 ,   n-1  and  n  

TABLE  V 

Row  selection  sequence  to  sense  X-ray  detector  elements  individually  in  the  embodiment  in  Figure  3. 

Readout   Rows 
P e r i o d   S e l e c t e d  

1  (n/2)  and  ( n / 2 ) + l  
2  ( n / 2 ) - l   and  (n/2)  +2 
3  (n/2)  -2  and  (n/2)  +3 
4  (n/2)  -3  and  (n/2)  +4 

( n / 2 ) - l   2  and  n - 1  

(n/2)  1  and  n 
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TABLE  VI 

Row  selection  sequence  to  sense  X-ray  detector  elements  grouped  by  pairs  of  rows  in  the  embodiment 
in  Figure  3. 

R e a d o u t   Rows 
P e r i o d   S e l e c t e d  

1  ( n / 2 ) ,   ( n / 2 ) - l ,   ( n / 2 ) + l   and  (n/2)  +2 
2  (n/2)  -2,  (n/2)  -3,  (n/2)  +3  and  (n/2)  +4 
3  (n/2)  -4,  (n/2)  -5,  (n/2)  +5  and  (n/2)  +6 
4  (n/2)  -6,  (n/2)  -7,   (n/2)  +7  and  (n/2)  +8 

( n / 4 ) - l   4,  3,  n-3  and  n - 2  

(n/4)   2,  1,  n-1  and  n  

TABLE  VII 

Row  selection  sequence  to  sense  X-ray  detector  elements  grouped  by  trios  of  rows  in  the  embodiment  in 
Figure  3. 

Readout   Rows 
P e r i o d   S e l e c t e d  

1  ( n /2 ) ,   ( n / 2 ) - l ,   (n/2)  -2,  ( n / 2 ) + l ,   (n/2)  +2  and  (n/2)  +3 
2  (n/2)  -3,  (n/2)  -4,  (n/2)  -5,  (n/2)  +4,  (n/2)  +5  and  (n/2)  +6 
3  ( n / 2 ) - 6 ,   ( n / 2 ) - 7 ,   ( n / 2 ) - 8 ,   (n /2)+7,   (n/2)  +8  and  ( n / 2 ) + 9  
4  ( n / 2 ) - 9 ,   ( n / 2 ) - 1 0 ,   ( n / 2 ) - l l ,   (n /2 )+10 ,   ( n / 2 ) + l l   and  ( n / 2 ) + 1 2  

( n / 6 ) - l   6,  5,  4,  n-5,  n-4  and  n - 3  
(n/6)  3,  2,  1,  "n-2,  n-1  and  n 

TABLE  VIII 

Row  selection  sequence  to  sense  X-ray  detector  elements  grouped  by  quartets  of  rows  in  the  embodiment 
in  Figure  3.  Each  line  of  this  table  represents  a  different  readout  period. 
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Row  S e l e c t i o n   for  n/8  Readout  P e r i o d s  

(n/2),   ( n / 2 ) - l ,   (n /2)-2 ,   (n/2)-3,   (n/2)+l ,   (n/2)+2,  (n/2)+3  and  (n/2)+4 

(n/2)-4 ,   (n /2) -5 ,   (n/2)-6,   (n/2)-7,   (n/2)+5,  (n/2)+6,  <n/2)+7  and  (n/2)+8 

8,  7,  6,  5,  n-7,  n-6  n-5  and  n-4 

4,  3,  2,  1,  n-3,  n-2,  n-1  and  n 

Claims 

1  .  A  method  for  reading  image  data  from  an  array  (26)  of  photodetectors  (40)  arranged  in  n  rows  and  m  col- 
umns  with  at  least  a  portion  of  the  photodetectors  (40)  in  each  column  being  connected  by  a  selector 

20  means  (46)  to  a  separate  output  line  (48)  for  that  column,  said  method  characterized  by: 
(a)  activating  given  selector  means  (46)  to  apply  signals  from  the  photodetectors  in  a  group  of  p  rows 
simultaneously  to  the  output  lines  (48); 
(b)  producing  a  plurality  of  combined  output  signals,  each  of  which  being  produced  by  additively  com- 
bining  the  signals  from  a  group  of  q  output  lines  (48);  and 

25  (c)  repeating  steps  a  and  b  for  other  group  of  rows  in  the  detector  array; 
where  m,  n,  p  and  q  are  integers  where  both  p  and  q  are  greater  than  one. 

2.  The  method  as  recited  in  claim  1  wherein  m  equals  n;  and  p  equals  q. 

The  method  as  recited  in  claim  1  wherein  the  first  time  that  step  (a)  is  executed  the  group  of  rows  is  prox- 
imate  to  the  center  of  the  array,  and  each  time  thereafter  that  step  (a)  is  executed  the  group  of  rows  is 
sequentially  farther  from  the  center  of  the  array. 

The  method  as  recited  in  claim  1  wherein  the  first  time  that  step  (a)  is  executed  the  group  of  rows  is  prox- 
imate  to  the  center  of  the  array,  and  each  time  thereafter  that  step  (a)  is  executed  the  rows  in  the  group 
are  from  alternate  sides  of  the  center  of  the  array. 

An  image  detector  system  (14)  comprising:  an  array  of  photodetectors  (26)  arranged  in  m  columns  and 
n  rows  with  the  photodetectors  (40)  in  each  column  being  connected  by  a  selector  switch  means  (46)  to 
a  separate  output  line  (48)  for  that  column,  wherein  the  n  rows  are  divided  into  groups  of  p  rows  and  the 
column  output  lines  (48)  are  divided  into  groups  of  q  output  lines,  where  m,  n,  p  and  q  are  integers  with 
both  p  and  q  being  greater  than  one;  characterized  by 

means  (27)  for  sequentially  activating  the  switch  means  to  simultaneously  apply  signals  from  the 
photodetectors  in  one  group  of  rows  at  a  time  to  the  output  lines: 

means  (62,64)  for  combining  the  signals  from  each  group  of  output  lines  into  a  combined  output 
signal. 

6.  The  image  detector  system  as  recited  in  claim  5  wherein  said  means  for  combining  comprises: 
separate  means  (56,76)  for  integrating  the  signal  on  each  column  output  line; 
means  (67,77)  for  selectively  defining  the  number  q  of  column  output  lines  in  each  group; 

50  means,  (64,78)  responsive  to  said  means  for  defining,  for  adding  the  signals  from  those  of  said 
means  for  integrating  associated  with  each  group  of  q  adjacent  output  lines  to  produce  the  combined  out- 
put  signals. 

7.  The  image  detector  system  as  recited  in  claim  6,  wherein  said  means  for  combining  further  comprises 
55  means  (58)  for  digitizing  each  of  the  combined  output  signals. 

8.  The  image  detector  system  as  recited  in  claim  5  wherein  said  means  for  combining  comprises: 
separate  means  (56)  for  integrating  the  signal  on  each  column  output  line; 
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means  (58)  for  digitizing  the  integrated  signals  from  each  of  said  means  for  integrating; 
means  (62)  for  selectively  defining  the  number  q  of  column  output  lines  in  each  group; 
means  (64),  responsive  to  said  means  for  defining,  for  adding  the  signals  from  those  of  said  means 

for  digitizing  the  signals  associated  with  each  group  of  q  adjacent  output  lines  to  produce  the  combined 
output  signals. 

Patentanspruche 

1.  Verfahren  zum  Lesen  von  Bilddaten  aus  einer  Array  (26)  von  Fotodetektoren  (40),  die  in  n  Reihen  und  m 
Spalten  angeordnet  sind,  wobei  wenigstens  ein  Teil  der  Fotodetektoren  (40)  in  jeder  Spalte  durch  eine 
Wahleinrichtung  (46)  mit  einer  getrennten  Ausgangsleitung  (48)  furdiese  Spalte  verbunden  wird,  gekenn- 
zeichnet  durch: 

(a)  Aktivieren  dergegebenen  Wahleinrichtung  (46),  urn  Signale  von  den  Fotodetektoren  in  einer  Gruppe 
von  p  Reihen  gleichzeitig  an  die  Ausgangsleitungen  (48)  anzulegen; 
(b)  Erzeugen  von  mehreren  verknupften  Ausgangssignalen,  die  jeweils  durch  additives  Verknupfen  der 
Signale  aus  einer  Gruppe  von  q  Ausgangsleitungen  erzeugt  werden;  und 
(c)  Wiederholen  der  Schritte  (a)  und  (b)  fur  eine  andere  Gruppe  von  Reihen  in  der  Detektorarray; 

wobei  m,  n,  p  und  q  ganze  Zahlen  sind,  wobei  sowohl  p  als  auch  q  grafter  als  eins  sind. 

2.  Verfahren  nach  Anspruch  1,  wobei  m  gleich  n  ist  und  p  gleich  q  ist. 

3.  Verfahren  nach  Anspruch  1  ,  wobei  das  erste  Mai,  wenn  der  Schritt  (a)  ausgefuhrt  wird,  die  Gruppe  von 
Reihen  nahe  der  Mitte  der  Array  ist,  undjedesmal  danach,  wenn  der  Schritt  (a)  ausgefuhrt  wird,  die  Gruppe 
der  Reihen  sequentiell  weiter  von  der  Mitte  der  Array  entfernt  ist. 

4.  Verfahren  nach  Anspruch  1,  dalidas  erste  Mai,  wenn  der  Schritt  (a)  ausgefuhrt  wird,  die  Gruppe  von  Rei- 
hen  nahe  der  Mitte  der  Array  ist,  und  jedesmal  danach,  wenn  der  Schritt  (a)  ausgefuhrt  wird,  die  Reihen 
in  der  Gruppe  von  abwechselnden  Seiten  der  Mitte  der  Array  sind. 

5.  Bilddetektorsystem  (14)  enthaltend: 
eine  Array  von  Fotodetektoren  (26),  die  in  m  Spalten  und  n  Reihen  angeordnet  sind,  wobei  die  Fo- 

todetektoren  (40)  in  jeder  Spalte  durch  eine  Wahlschaltereinrichtung  (46)  mit  einer  getrennten  Ausgangs- 
leitung  fur  diese  Spalte  verbunden  sind,  wobei  die  n  Reihen  in  Gruppen  von  p  Reihen  unterteilt  sind  und 
die  Spaltenausgangsleitungen  (48)  in  Gruppen  von  q-Ausgangsleitungen  unterteilt  sind,  wobei  m,  n,  p 
und  q  ganze  Zahlen  sind,  wobei  sowohl  p  als  auch  q  grafter  als  eins  sind;  gekennzeichnet  durch 

eine  Einrichtung  (27)  zum  sequentiellen  Aktivieren  der  Schaltereinrichtung,  urn  zu  einer  Zeit  gleich- 
zeitig  Signale  von  den  Fotodetektoren  in  dereinen  Gruppe  von  Reihen  an  die  Ausgangsleitungen  anzu- 
legen; 

eine  Einrichtung  (62,  64)  zum  Verknupfen  der  Signale  von  jeder  Gruppe  von  Ausgangsleitungen 
zu  einem  verknupften  Ausgangssignal. 

6.  Bilddetektorsystem  nach  Anspruch  5,  wobei  die  Einrichtung  zum  Verknupfen  aufweist: 
eine  getrennte  Einrichtung  (56,  76)  zum  Integrieren  des  Signals  auf  jeder  Spaltenausgangsleitung; 
eine  Einrichtung  (67,  77)  zum  selektiven  Definieren  derZahl  q  von  Spaltenausgangsleitungen  in 

jeder  Gruppe; 
eine  auf  die  Einrichtung  zum  Definieren  ansprechende  Einrichtung  (64,  78)  zum  Addieren  der  Si- 

gnale  von  denjenigen  Einrichtungen  zum  Integrieren,  die  jeder  Gruppe  von  q  benachbarten  Ausgangslei- 
tungen  zugeordnet  sind,  urn  die  verknupften  Ausgangssignale  zu  erzeugen. 

7.  Bilddetektorsystem  nach  Anspruch  6,  wobei  die  Einrichtung  zum  Verknupfen  ferner  eine  Einrichtung  (58) 
aufweist  zum  Digitalisieren  von  jedem  der  verknupften  Ausgangssignale. 

8.  Bilddetektorsystem  nach  Anspruch  5,  wobei  die  Einrichtung  zum  Verknupfen  aufweist: 
eine  getrennte  Einrichtung  (56)  zum  Integrieren  des  Signals  auf  jeder  Spaltenausgangsleitung; 
eine  Einrichtung  (58)  zum  Digitalisieren  der  integrierten  Signale  von  jeder  Integrationseinrichtung; 
eine  Einrichtung  (62)  zum  selektiven  Definieren  der  Anzahl  q  von  Spaltenausgangsleitungen  in  je- 

der  Gruppe; 
eine  auf  die  Einrichtung  zum  Definieren  ansprechende  Einrichtung  (64)  zum  Addieren  der  Signale 
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von  denjenigen  Einrichtungen  zum  Digitalisieren  der  Signale,  die  jeder  Gruppe  von  q  benachbarten  Aus- 
gangsleitungen  zugeordnet  ist,  urn  die  verknupften  Ausgangssignale  zu  erzeugen. 

Revendications 

1.  Precede  pour  lire  des  donnees  d'image  a  partir  d'un  reseau  (26)  de  photodetecteurs  (40)  disposes  en  n 
rangees  et  m  colonnes  avec  une  partie  au  moins  des  photodetecteurs  (40)  de  chaque  colonne  qui  est 
reliee  par  un  moyen  formant  selecteur  (46)  a  une  ligne  de  sortie  separee  (48)  reservee  a  cette  colonne, 
ledit  procede  etant  caracterise  par: 

(a)  I'activation  d'un  moyen  selecteur  donne  (46)  pour  appliquer  des  signaux  provenant  des  photode- 
tecteurs  dans  un  groupe  de  p  rangees  de  maniere  simultanee  aux  lignes  de  sortie  (48), 
(b)  la  production  d'une  pluralite  de  signaux  de  sortie  combines  dont  chacun  est  produit  par  la  combi- 
naison  additive  des  signaux  provenant  d'un  groupe  de  q  lignes  de  sortie  (48),  et 
(c)  la  repetition  des  etapes  a  et  b  pourd'autres  groupes  de  rangees  dans  le  reseau  de  photodetecteurs, 
sachant  que  m,  n,  p  et  q  sont  des  nombres  entiers  et  que  p  et  q  sont  tous  deux  superieurs  a  1. 

2.  Procede  selon  la  revendication  1,  dans  lequel  m  est  egal  a  n  et  p  est  egal  a  q. 

3.  Procede  selon  la  revendication  1  dans  lequel,  la  premiere  fois  que  I'etape  (a)  est  executee,  le  groupe  de 
rangees  est  proche  du  centre  du  reseau  et,  chaque  fois  qu'ensuite  I'etape  (a)  est  executee,  le  groupe  de 
rangees  est  sequentiellement  plus  eloigne  du  centre  du  reseau. 

4.  Procede  selon  la  revendication  1  dans  lequel,  la  premiere  fois  que  I'etape  (a)  est  executee,  le  groupe  de 
rangees  est  proche  du  centre  du  reseau  et,  chaque  fois  qu'ensuite  I'etape  (a)  est  executee,  les  rangees 
du  groupe  proviennent  des  cotes  alternes  du  centre  du  reseau. 

5.  Dispositif  (14)  detecteur  d'image  qui  comprend  : 
-  un  reseau  de  photodetecteurs  (26)  disposes  en  m  colonnes  et  n  rangees  avec  les  photodetecteurs 

(40)  de  chaque  colonne  qui  sont  relies,  par  un  moyen  de  commutation  formant  selecteur  (46),  a  une 
ligne  de  sortie  separee  (48)  reservee  a  cette  colonne,  sachant  que  les  n  rangees  sont  divisees  en 
des  groupes  de  p  rangees  et  que  les  lignes  de  sortie  (48)  des  colonnes  sont  divisees  en  des  groupes 
deq  lignes  de  sortie,  quern,  n,  petq  sont  des  nombres  entiers  et  que  pet  q  sont  tous  deux  superieurs 
a  1  ,  caracterise  par  : 

-  un  moyen  (27)  pour  activer  sequentiellement  le  moyen  de  commutation  pour  appliquer  simultane- 
ment  des  signaux  provenant  des  photodetecteurs  d'un  groupe  de  rangees  sur  les  lignes  de  sortie  a 
un  certain  instant, 

-  des  moyens  (62,  64)  pour  combiner  les  signaux  en  provenance  de  chaque  groupe  de  lignes  de  sortie 
et  produire  un  signal  de  sortie  combine. 

6.  Dispositif  detecteur  d'image  selon  la  revendication  5,  dans  lequel  ledit  moyen  de  combinaison  comprend: 
-  des  moyens  separes  (56,  76)  pour  integrer  le  signal  sur  chaque  ligne  de  sortie  de  colonne, 
-  des  moyens  (67,  77)  pourdefinirselectivement  le  nombre  q  de  lignes  de  sortie  de  colonne  dans  cha- 

que  groupe, 
-  des  moyens  (64,  78)  reagissant  auxdits  moyens  de  definition  pour  ajouter  les  signaux  provenant  de 

ceux  desdits  moyens  d'integration  qui  sont  associes  a  chaque  groupe  de  q  lignes  de  sortie  adjacen- 
tes  af  in  de  produire  les  signaux  de  sortie  combines. 

7.  Dispositif  detecteur  d'image  selon  la  revendication  6,  dans  lequel  ledit  moyen  de  combinaison  comprend 
en  outre  un  moyen  (58)  pour  numeriser  chaque  signal  de  sortie  combine. 

8.  Dispositif  detecteur  d'image  selon  la  revendication  5,  dans  lequel  ledit  moyen  de  combinaison  comprend  : 
-  des  moyens  separes  (56)  pour  integrer  le  signal  sur  chaque  ligne  de  sortie  de  colonne, 
-  un  moyen  (58)  pour  numeriser  les  signaux  integres  provenant  de  chacun  desdits  moyens  d'integration, 
-  des  moyens  (62)  pourdefinirselectivement  le  nombre  q  de  lignes  de  sortie  de  colonne  dans  chaque 

groupe, 
-  des  moyens  (64)  reagissant  auxdits  moyens  de  definition  pour  ajouter  les  signaux  provenant  de  ceux 

desdits  moyens  de  numerisation  des  signaux  qui  sont  associes  a  chaque  groupe  de  q  lignes  de  sortie 
adjacentes  afin  de  produire  les  signaux  de  sortie  combines. 
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